Three episodes of bilateral spontaneous nontension pneumothoraces in 2 adolescents with malignancies who refused chest tube placement were treated with a high concentration of inspired oxygen (Fi0 2 approaching 100%) administered via a tight-fitting nonrebreathing oxygen reservoir mask. This technique of nitrogen washout is a useful, noninvasive method for the reduction of noncritical pneumothoraces, which may obviate the necessity for more invasive procedures, although it has no place in the treatment of pneumothorax causing cardiopulmonary compromise. Two physiologic principles are involved. Breathing a high inspired Fi0 2 causes nitrogen to be washed out of the alveoli, venous blood, body tissues, and body cavities; this is known as "nitrogen washout." Second, a great decrease in total tissue gas tension while breathing a high inspired Fi0 2 facilitates absorption of all gas from a closed body space. The term "spontaneous pneumothorax" is used to describe the occurrence of a nontraumatic pneumothorax. It is often presumed to result from rupture of an emphysematous bleb on the pleural surface, although sarcoidosis, silicosis, infection, and neoplasm also have been noted as predisposing factors. Symptoms depend upon, and treatment is determined by, the extent of pulmonary collapse and whether a tension pneumothorax is present. When minimal air is present in a nontension pneumothorax and symptoms are absent or mild, observation alone may suffice. Massive or tension pneumothorax with acute dyspnea 311
The term "spontaneous pneumothorax" is used to describe the occurrence of a nontraumatic pneumothorax. It is often presumed to result from rupture of an emphysematous bleb on the pleural surface, although sarcoidosis, silicosis, infection, and neoplasm also have been noted as predisposing factors. Symptoms depend upon, and treatment is determined by, the extent of pulmonary collapse and whether a tension pneumothorax is present. When minimal air is present in a nontension pneumothorax and symptoms are absent or mild, observation alone may suffice. Massive or tension pneumothorax with acute dyspnea and cyanosis requires emergency chest tube placement for removal of extrapleural air.
Spontaneous pneumothoraces tend to recur with increasing frequency after each attack (a second attack occurs in 50% of patients). For this reason, open thoracotomy with pleurectomy or poudrage (application of irritants such as talc or tetracycline to the pleural surfaces) to produce adherence of parietal to visceral pleura is often suggested. We report our experience with three episodes of nontension pneumothorax in 2 adolescent oncology patients who, having refused chest tube placement, were treated by breathing a high oxygen concentration through a nonrebreathing oxygen reservoir mask. Although the actual inspired FiO a in these patients was not measured, use of similar equipment is reported to produce an Fi0 2 of almost 100%.' To our knowledge, this technique has not been recently reported as useful in the treatment of pneumothorax.
Case reports Case 1. In April 1981, a 15-year-old boy was admitted to the hospital for treatment of bilateral pneumothoraces.
In 1977 at the age of 12 years, he was diagnosed as having diffuse histiocytic, non-Hodgkin's lymphoma of the cecum with metastases to the liver. The cecum was excised, and he began a three-year chemotherapy regimen, which included L-asparaginase, thioguanine, prednisone, carmustine (BCNU), daunomycin, hydroxyurea, vincristine, cytosine arabinoside, cyclophosphamide, and oral and intrathecal methotrexate. He received no radiation therapy.
In May 1977, interstitial pneumonia developed, which responded to trimethoprim-sulfamethoxazole, although an open lung biopsy revealed only a histiocytic interstitial infiltrate consistent with low-grade inflammation; cultures were negative.
In September 1980, after playing the drums in a band, the patient complained of left shoulder pain, and a chest roentgenogram demonstrated small (2% to 5%) bilateral pneumothoraces. He had no respiratory distress and was treated conservatively with rest. He was admitted to the hospital a month later after the pneumothoraces had enlarged to 20% on the right and 10% on the left (Fig. 1) , and he complained of bilateral shoulder and chest pain. Arterial blood gas was normal on admission. Because the patient wished to avoid chest tube placement if possible, a trial of a high concentration of inspired oxygen was administered with a tight-fitting nonrebreathing oxygen reservoir mask for eight hours on each of three consecutive days. A chest roentgenogram on the fourth day, before discharge, showed considerable improvement (Fig. 2) , and only minimal pneumothorax on the right and 5% on the left, and pain had resolved.
In April 1981, he experienced pain in the right side of the chest but no dyspnea after an episode of coughing and was again admitted with larger bilateral pneumothoraces: 30% on the right and 20% on the left (Fig. 3) . Again, the patient's desire to avoid chest tube placement prompted the initiation of conservative therapy, and after eight hours of oxygen breathing on three consecutive days, a roentgenogram showed bilateral pneumothoraces reduced to 5% (Fig.  4) , and he was discharged symptom free. Case 2. In September 1981, an 18-year-old boy was admitted to the hospital for treatment of bilateral pneumothoraces.
In April 1981, he had been found to have a synovial sarcoma (monoplastic) of the left anterior thigh with pulmonary metastases. Over the next five months, after surgical debriding of the tumor mass, he received several courses of chemotherapy (including cis-platinum, vincristine, adriamycin, 5-fiuorouracil, and cyclophosphamide) and localized radiation therapy to the thigh. Pulmonary metastases persisted, and he gradually became more cachectic.
In September 1981, he became acutely dyspneic while receiving outpatient chemotherapy and was admitted with large bilateral pneumothoraces (Fig. 5 ). Dyspnea lessened with oxygen, and he refused chest tube placement, knowing that his disease was resistant to therapy and preferring to die without further painful procedures. His anemia (Hgb, 10.6 mg/dl) was corrected with transfusions, and he was given high inspired oxygen concentration for approximately eight hours on each of three consecutive days. His dyspnea improved, although repeat chest roentgenogram showed no change, and he was discharged; at home he received oxygen by face mask. He died at home a week later.
Discussion
The feasibility of accelerating absorption of air from a body cavity by breathing a high oxygen concentration was reported in the first half of this century by Schwab et al 2 to increase with prolonged exposure and hyperbaric administration of oxygen. Although completely safe limits are unknown, Van de Water et al 4 were unable to demonstrate a change in pulmonary vasculature as measured by various physiologic factors in healthy men during periods of continuous exposure to 100% Fi0 2 at one atmosphere for up to 12 hours. Likewise, Singer et ar found no apparent difference between a group of postoperative cardiac patients receiving 100% FiOg for up to 48 hours and a similar group receiving a maximum Fi0 2 of 42%.
Miller et al 1 ', however, found that the lungs of dogs exposed to similar conditions for 48 hours demonstrated extensive atelectasis, intra-alveolar hemorrhage, and edema. Signs of respiratory distress (weakness, cough, tachypnea) were noted after 24 hours. Similarly, Barber et al' demonstrated significantly greater impairment of lung function among irreversibly brain-damaged patients ventilated with pure oxygen than among a comparable group of patients ventilated with air. For these reasons, we chose to use high concenVol. 50, No. 2 trations of inspired oxygen for only eight hours on each of three consecutive days.
In both patients reported here, because of the nature of their underlying pulmonary parenchymal abnormalities (fibrosis and metastases), it is possible that despite chest tube placement, the air leak would not have sealed, and the chest tube would have had to remain in place (and the patient hospitalized) until surgical treatment could be attempted (case 1) or for the rest of the patient's life (case 2).
Although pneumothoraces may resolve spontaneously with strict bedrest, the data, especially in case 1, suggest that it was the oxygen therapy and not the bedrest that resulted in reduction of the noncritical pneumothoraces. The first episode of pneumothorax in case 1 was treated for one month with bedrest at home, and the pneumothoraces increased in size. In only three days treatment of high concentration oxygen by mask for eight hours each day, the pneumothoraces resolved almost completely, and the patient remained free of symptoms for eight months. When the pneumothoraces recurred after a bout of coughing, they again resolved with three days of nitrogen washout therapy for eight hours per day.
In case 2, the nitrogen washout technique was not successful in reducing the pneumothoraces, probably because of a continued air leak; but the oxygen therapy alleviated the patient's symptom of dyspnea and permitted him to die peacefully at home in his sleep.
The desire to avoid invasive, painful, or frightening procedures in children and adolescents and in patients with terminal illness in whom traditional treatment of pneumothorax would not only be invasive, but would also prolong hospitalization, provides additional incentive for attempting this technique. Conservative treatment has no place, however, in the management of patients with pneumothorax who exhibit cardiorespiratory compromise. Immediate chest tube placement is the treatment of choice for such patients. 
